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METHOD FOR MODELING SEMICONDUCTOR DEVICE AND NETWORK 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a method for modeling a 

device and a network to be analyzed to perform a complex 
simulation for analyzing in a complex manner a semiconductor 
device and a network that includes the device. 

2. Description of the Related Art 

10 There have been known a complex simulation to analyze in 

a complex manner the devices included in a network together 
with the network. This complex simulation combines a device 
simulation technique for analyzing the characteristics of a 
semiconductor device , such as a metal oxide semiconductor 

15 (MOS) transistor, on a device-by-device basis, and a circuit 
simulation technique for analyzing the characteristics of the 
entire network. This type of simulation techniques has been 
disclosed in patent literature, for example, Japanese 
Unexamined Patent Application Publication No. 09-082938 or 

20 Japanese Unexamined Patent Application Publication No. 2000- 
260973. 

In a typical complex simulation, a device model formed 
by modeling the device to be analyzed two-dimensionally or 
three-dimensionally and a network model showing the remaining 
25 network portion are integrated, then the device model is 

analyzed by device simulation. Subsequently, the parameters 
obtained from the device analysis and the net list of the 
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network prepared in advance are used to analyze the entire 
network by a circuit simulation. This makes it possible to 
know the characteristics of the device operated in the 
network. A source code for a complex simulation is usually 
5 created by modifying a general-purpose source code for device 
analyses and the modified general-purpose source code is 
integrated with a circuit analysis source code through the 
intermediary of an interface code. 

When attention is focused on a plurality of devices of a 

10 network in a complex simulation, according to the prior arts, 
each device model is handled as a separate analysis region, 
and the device analysis is carried out on each region. For 
instance, in a two-dimensional complex simulation focused on 
a complementary MOS (CMOS) transistor using a pair of n-type 

15 and p-type MOS transistors (hereinafter referred to simply as 
"CMOS") , the n-type and the p-type MOS transistors are 
separately subjected to the device analysis. 

However, when a plurality of devices is handled, it will 
be required to consider a plurality of device analysis 

20 regions when creating a source code. This inconveniently 
complicates the adjustment of the interface between the 
devices and circuit analyses, taking much time to create the 
source code . 



25 SUMMARY OF THE INVENTION 

The present invention has been made with a view toward 
solving the problem described above, and it is an object of 
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the invention to provide a method for modeling a 
semiconductor device and a network for analyzing a plurality 
of devices by a complex simulation without complicating the 
creation of a source code. 
5 The modeling method in accordance with the present 

invention is a method for modeling a device and a network to 
be analyzed in a complex simulation for analyzing, in a 
complex manner, a semiconductor device and a network that 
includes the device, the method including an extraction step 

10 for extracting the structure of each of a plurality of 
devices included in the network to create device models 
showing the individual extracted structures, a device 
connection step for connecting the respective device models 
through the intermediary of an insulating portion for cutting 

15 off the electrical connection among the respective device 
models, and a circuit connection step for connecting a 
network model showing the network portion, from which the 
plurality of devices extracted in the device extraction step 
have been excluded, to a predetermined device model among the 

20 connected device models. 

In the device extraction step, two-dimensional models 
showing the sectional structures of the individual 
corresponding devices may be used as the device models. 
Alternatively, three-dimensional models showing the three- 

25 dimensional structures of the corresponding devices may be 
used as the device models. 

In the device connection step, the device models can be 
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connected through the conducting portion that permits partial 
conduction among the device models to be connected. 
Alternatively, the device models may be, for example, 
directly connected in part to form the conducting portion. 
5 In the device connection step, a space portion may be 

formed to provide a gap between the device models to be 
connected . 

An electrode potential setting step for setting 
potentials, which are different from each other, at a 
10 predetermined multiple potential points in an electrode of 
the device model to which the network portion has been 
connected may be added to the modeling method in accordance 
with the present invention. 

15 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic representation for explaining a 
first specific example of the modeling method according to 
the present invention; 

Fig. 2A and Fig. 2B are schematic representations for 
20 explaining a network and a CMOS in the specific example; 

Fig. 3 is a flowchart showing a procedure of the 
modeling method of the first specific example; 

Fig. 4 is a schematic representation for explaining a 
connection example of a load circuit in the first specific 
25 example; 

Fig. 5 is a schematic representation for explaining a 
second specific example of the modeling method in accordance 
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with the present invention; 

Fig. 6 is a schematic representation for explaining an 
application example of the modeling method in accordance with 
the present invention; and 
5 Fig. 7 is a schematic representation for explaining a 

setting example of the electrode portion in the application 
example . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 The following will describe an embodiment according to 

the present invention in conjunction with a specific example. 
(First specific example) 

Fig. 1 is a schematic diagram for explaining a first 
specific example of the modeling method in accordance with 

15 the present invention. The modeling method of the first 
specific example can be applied to the complex simulation 
that uses a two-dimensional device model showing the 
sectional structure of a device. The specific example 
illustrates the modeling example in which a complex 

20 simulation focused on a CMOS 100A of Fig. 2B that constitutes 
an inverter circuit in a network 100 shown in Fig. 2A. 

Referring to Fig. 2B, the CMOS 100A has an nMOS 101 
having a channel width of Wn [ pm] and a pMOS 102 having a 
channel width of Wp [ pm] , which are adjacently formed on a p- 

25 type semiconductor substrate 104 through the intermediary of 
a LOCOS oxide film 103 for isolating devices. In the 
illustrated example, the CMOS 100A is shown in a three- 
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dimensional fashion for the purpose of explanation. The nMOS 
101 and the pMOS 102 implement the functions of an n-type MOS 
transistor and a p-type MOS transistor that have 
conventionally well known. 
5 The procedure of the modeling method according to the 

first specific example will be explained in conjunction with 
the flowchart shown in Fig. 3. The procedure according to 
the first specific example can be roughly individual into a 
device extraction step corresponding to step SI shown in Fig. 

10 3, a device connection step corresponding to step S2, and a 
circuit connection step corresponding to step S3. 

In the device extraction step, the sectional structures 
of the nMOS 101 and the pMOS 102 are extracted on the basis 
of line 1-1' and line 2-2' that orthogonally cross a gate 105 

15 extended over the nMOS 101 and the pMOS 102 in the CMOS 100A 
shown in Fig. 2B and that extend along drains 106 and sources 
107 of the nMOS 101 and the pMOS 102, respectively. Thus, an 
nMOS model 101a and a pMOS model 102a that provide the two- 
dimensional device models showing the foregoing structures 

20 are created (step SI) . 

Then, in the device connection step, the two models are 
horizontally arranged such that a drain 106a of the nMOS 
model 101a and a source 107a' of the pMOS model 102a are 
adjacent to each other, as shown in Fig. 1. An insulating 

25 portion 10 for cutting off electrical connection between the 
two models is disposed between the nMOS model 101a and the 
pMOS model 102a. Furthermore, a conducting portion 11 that 
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permits partial conduction between the two models is provided 
under the insulating portion 10 (step S2). Interconnecting 
the nMOS model 101a and the pMOS model 102a as described 
above makes it possible to handle the multiple models 
5 together as the same analysis region in a device analysis. 

As the aforesaid insulating portion 10, a member, such 
as Si02 that can be handled as having zero dielectric 
constant, can be used. The size of the insulating portion 10 
is preferably set appropriately such that the potentials of 

10 the drain 106a of the nMOS model 101a and a source 107a of 
the pMOS model 102a do not affect each other. 

In the illustrated example, the portion where a p well 
101b of the nMOS model 101a and an n well 102b of the pMOS 
model 102a are directly connected in part provides the 

15 conducting portion 11. Alternatively, another conducting 
member may be disposed to replace the directly connected 
portion. The conducting portion 11 is provided, considering 
the conducting phenomenon that may take place between the 
nMOS 101 and the pMOS 102 in the actual CMOS 100A, and the 

20 size thereof may be appropriately set. 

In the circuit connection step, a network model 100' is 
connected to the nMOS model 101a and the pMOS model 102a 
according to the wiring in the network 100 (step S3) . The 
network model 100' in this specific example corresponds to 

25 the network portion excluding the CMOS 100A in the network 
100 shown in Fig. 2A. In the example shown in Fig. 1, the 
network model 100' is connected to electrodes 12a through 12c 
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provided on the source 107a, the gate 105a and the drain 106a 
of the nMOS model 101a, electrodes 12d through 12f provided 
on a source 107a' , a gate 105a' and a drain 106a' of the pMOS 
model 102a, and an electrode 12g provided on the bottoms of 
5 the two models 101a and the 102a that have been connected. 

This completes the modeling for the complex simulation 
of the CMOS 100A and the network 100. 

The network model 100' may include, in addition to the 
aforesaid network portion, the circuit portion replacing the 

10 conf igurational effect from the three-dimensional to the two- 
dimensional configuration of the CMOS 100A. As the circuit 
portion, a load circuit 110 using a resistance element and a 
capacitance element, for example, may be used, as shown in 
the circuit diagram related to the CMOS 100A shown in Fig. 4. 

15 The load circuit 110 is connected to an output terminal (Vout 
terminal) connecting the drain 106 of the nMOS 101 and the 
source 107 of the pMOS 102 in the CMOS 100A. To reflect this 
condition in the network model 100' shown in Fig. 1, the load 
circuit model 110' that models the load circuit 110 is added 

20 to the network model 100' connected to the electrodes 12c and 
12d. This makes it possible to compensate for the 
conf igurational effect whereby the CMOS 100A has been 
represented by the two-dimensional device model. 

Preferably, the value of the current between the device 

25 and the network is preferably standardized in the complex 
simulation handling the two-dimensional device model, as 
shown in Fig. 1. For example, it is assumed that current aO 
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from the network model 100' connected to the electrodes 12c 
and 12d is supplied to the nMOS model 101a and the pMOS model 
102a as In [ A] and Ip [ A] , respectively, in the configuration 
shown in Fig. 1. At this time, standardized current al to 
5 the nMOS model 101a will be al = In/Wn [ A /jam] obtained by 
dividing the current In by channel width Wn . Similarly, 
standardized current a2 to the pMOS model 102a will be a2 = 
Ip/Wp [ A /vim] . 

According to the modeling method of the first specific 

10 example, when performing a complex simulation focused on the 
CMOS 100A in the network 100, the nMOS model 101a and the 
pMOS model 102a of the CMOS 100A are integrated into the same 
analysis region. This makes it possible to avoid complicated 
adjustment of the interface between the device analysis and 

15 the circuit analysis in generating a source code. 
(Second specific example) 

Fig. 5 is a schematic representation for explaining a 
second specific example of the modeling method in accordance 
with the present invention. In the first specific example 

20 discussed above, the modeling example of the complex 

simulation focused on a pair of devices virtually connected 
in the network, as in the CMOS 100A, has been shown. This 
specific example focuses on a plurality of devices provided 
with intervals among them in a network. As an example, 

25 attention will be paid to the CMOS 100A of an inverter 

circuit in the network 100 in Fig. 2A explained in the first 
specific example and a CMOS 100B of another inverter circuit 
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provided through the intermediary of a plurality of circuits 
from the above inverter circuit. The configuration of the 
CMOS 100B has the same configuration as that of the CMOS 100A 
shown in Fig. 2B, so that the CMOS 100B will not be shown. 
5 Referring to Fig. 5, according to the modeling method of 

the second specific example, an nMOS model 201a corresponding 
to the nMOS 101 of the CMOS 100A and a pMOS model 202b 
corresponding to a pMOS (not shown) of the CMOS 100B are 
horizontally arranged side by side, and these two models are 

10 connected through the intermediary of an insulating portion 
20 composed of an insulating constituent, such as Si02- 

The size of the insulating portion 20 is set such that a 
space 21 for providing a gap between the nMOS model 201a and 
the pMOS model 202b when the two models are connected. The 

15 insulating portion 20 is disposed between an electrode 22c on 
a drain 206a in the nMOS model 201a and an electrode 22d on a 
source 207b' of the pMOS model 202b. Then, the network model 
100' is connected to electrodes 22a through 22h of the nMOS 
model 201a and the pMOS model 202b to complete the modeling. 

20 Thus, providing the space 21 for filling the gap between the 
models 201a and 202b with air makes it possible to enhance 
the electrical isolation between the two models. 

As a modification example related to the second specific 
example, an insulating portion (20) having a size for filling 

25 the gap between the nMOS model 201a and the pMOS model 202b 

may be disposed, instead of providing the aforesaid space 21. 
The devices to be focused upon in the network are not limited 
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to the combination of the n-type MOS transistor and the p- 
type MOS transistor as in the illustrated example; they may 
be appropriately selected. In such a case, the connection of 
the network models is set, taking the connecting 
5 configuration of the selected devices into account. 

According to the modeling method in the second specific 
example, the same advantage as that explained in conjunction 
with the first example discussed above can be obtained for a 
plurality of devices provided with intervals among them in a 

10 network to be analyzed. Moreover, the space 21 provided 
between the nMOS model 201a and the pMOS model 202b 
introduces a so-called reflective boundary condition, leading 
to enhanced electrical isolation between the two models. 
This makes it possible to accurately model the condition in 

15 which the devices to be analyzed are provided with intervals 
among them in an actual network. 
<Application example> 

In general numerical computation for a device analysis, 
on each of the potential points assumed to be arranged in a 

20 grid pattern on a device model, digitization and 

linearization are carried out on variables, such as a 
potential and electron/positive hole concentration, by using 
the Poisson' s equation and a semiconductor governing equation 
consisting of the current continuity equation of electrons 

25 and positive holes shown in Figs. 6(1) through 6(3). Then, 
the large-scale matrix calculation covering the variables of 
all potential points is performed to determine the 
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approximate solutions of the variables at individual 
potential points. When carrying out the numerical 
calculation, the voltage fixing boundary condition defined by 
the determinant indicated in Fig. 6(4) is applied to the 
electrodes of the device model, and the potentials at all 
potential points on the electrodes are set to the same value. 

If, however, a salicide resistor, for example, is 
considered, then the potentials at the potential points in 
the electrodes of the device model vary, and proper analysis 
results may not be obtained even if the voltage fixing 
boundary condition set forth above is applied. 

A setting example of the electrodes in the device models 
for modeling an device and a network according to the 
modeling method shown in the first and second specific 
examples will be explained. In the electrode potential 
setting step of the modeling method in accordance with the 
present invention, attention will be focused on potential 
points pi and P 2 of an electrode 30 (Fig. 7), which is 
similar to the electrodes 12a through 12g in the first 
specific example (Fig. 1) or the electrodes 22a through 22h 
in the second specific example (Fig. 5) . 

Referring to Fig. 7, JA denotes the density of the 
current supplied from a potential point Q to a potential 
point pi. Similarly, JB denotes the density of the current 
supplied from a potential point R to the potential point pi, 
JC denotes the density of the current supplied from the 
potential point pi to the potential point p2, JD denotes the 
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density of the current supplied from a potential point S to 
the potential point p2, and JE denotes the density of the 
current supplied from a potential point T to the potential 
point p2. These current densities JA through JE involve both 
5 electrons and positive holes. The values of resistors rl and 
r2 assumed to be present between the potential points pi and 
p2 and between virtual potential points pi' and p2' may be 
appropriately set as the values of additional resistors, such 
as salicide resistors. 

10 It is assumed that, at the setting set forth above, the 

current flowing into the electrode 30 is equivalent to a 
current il flowing from the potential point pi to the 
potential point pi' due to the resistor rl. In other words, 
it is assumed that no current loss occurs at the electrode 30. 

15 At this time, a current il can be defined by expression (5) 
shown in Fig. 6, and a current i2 flowing from the potential 
point p2 to the potential point p2' due to the resistor r2 
can be defined by expression (7). Current densities (Jn, Jp) 
of the electrons and the positive holes in expressions (5) 

20 and (7) preferably take the fixed values determined from an 
approximate expression assuming thermal equilibrium. 

When the shape, current density, etc. of the electrode 
30 shown in Fig. 7 are reflected in expressions (5) and (7) 
described above, the relational expression shown in Fig. 6(6) 

25 on current il can be derived from expression (5) . On the 
other current i2, expression (8) can be derived from 
expression (7). In the derived expressions (6) and (8), cppl 
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and <pp2 indicating the potentials at the potential points pi 
and p2 on the electrode 30 are defined as independent 
variables, and the values that are different from each other 
(cppl * <pp2) are set for the independent variables. 
5 Regarding the electrodes in the device models, providing 

the setting set forth above allows a difference to be 
imparted between the potential points on the electrode, 
making it possible to successfully handle electrodes, such as 
the ones requiring considerations to a salicide resistor, to 

10 which the voltage fixing boundary condition can be hardly 
applied. Moreover, the potentials at the individual 
potential points can be independently set, permitting an 
increased degree of freedom in the numerical calculation. 
This advantageously makes it possible to easily obtain a 

15 convergent solution in a device analysis. 

The first and second specific examples of the modeling 
method in accordance with the present invention described 
above have shown the cases where a pair of two-dimensional 
models are connected to integrate a plurality of analysis 

20 regions; the scope of the present invention, however, is not 
limited to thereto. The number of the devices to be analyzed 
is not limited to two; three or more arbitrary device models 
can be integrated into a single analysis region, as long as a 
plurality of device models are interconnected according to 

25 the procedures of the specific examples discussed above. 
Furthermore, the device models are not limited to two- 
dimensional; the present invention can be applied to three- 
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dimensional models showing the three-dimensional structures 
of devices. In such a case, there is no need to standardize 
the currents discussed in the first specific example. 

The modeling method in accordance with the present 
5 invention allows a plurality of device models to be connected 
through the intermediary of an insulating portion and 
integrated into a single analysis region. This arrangement 
makes it possible to avoid the complication of the adjustment 
of the interface between the analysis of a device and the 

10 analysis of a circuit in generating a source code. In other 
words, the modeling method according to the present invention 
obviates the need for the significant adjustment of an 
interface in the prior arts, and it enables a complex 
simulation to be accomplished simply by changing the handling 

15 of electrodes in a general-purpose source code for device 
analyses. 



